Swine wastewater management is often affected by two main issues: a too high volume for optimal reuse as a fertilizer and a too high strength for an economically sustainable treatment by classical solutions.
INTRODUCTION
Pig farms produce yearly a large amount of manure, which needs to be properly managed to avoid negative impacts to the environment. Swine manure is commonly spread to land, aiming to recover the high nutrient content for agricultural purposes. However, usually the nutrient loads exceed the fertilization requirement of the land, promoting a strong contamination of groundwater by nitrates and the risk of eutrophication of surface waters (Smith et al. ; Martinez et al. ) . Similar issues related to pig farms are reported for several countries worldwide, such as Belgium, Italy, China, and Japan (Meers et al. ; Borin et al. ; Wu et al. ; Zhang et al. ) . The legislation on swine manure management is quite restrictive in Europe, where the 'Nitrate Directive' (91/676/EEC; CEC ) fixed maximum thresholds for spreading quantities of animal wastes over the fields, equal to 170 and 340 kg of nitrogen per hectare for vulnerable and not vulnerable areas. In order to sustainably manage swine manure, the following chain is commonly adopted (Borin et al. ) : (i) a solidliquid separation step, to separately manage the solid and liquid fractions; (ii) conversion of the solid fraction into an exportable product, which can be reused (e.g. composting, re-feeding, biogas generation); (iii) treatment of the liquid fraction (usually called swine wastewater), to reduce the nutrient load up to an appropriate level for land spreading or discharge into fresh water. In regard to the swine wastewater treatment, constructed wetlands (CWs) have been recognized as a potential solution to both effectively reduce the nutrient loads and limit the operational and maintenance costs, if compared with conventional solutions such as activated sludge reactors. Different successful experiences with CWs for swine wastewater treatment are reported in the literature, for both free water surface (Hunt et al. , ; Poach et al. ) and hybrid systems (Meers et al. ; Borin et al. ; Zhang et al. ) . Some systems have exploited the high adsorption capacity of zeolites to improve the ammonium and phosphorus removal (Peng et al. ; Borin et al. ) . However, the high land footprint required for CW systems is still limiting the CW adoption for swine wastewater treatment, especially in large breeding facilities.
Two research frontiers aimed at reducing the footprint and enhancing the CW performances have been recently proposed and studied in literature: intensified CWs and the combination of CWs with other treatment technologies. The term 'intensified CW' refers to each improvement (e.g. increase in technology, innovative scheme, different granular media) of the classical 'passive' CW solutions in order to increase the removal efficiencies, reduce the area footprint, and allow the treatment of wastewater different from the typical domestic one (Wu et al. ) . Amongst the different intensified solutions, aerated CWs are one of the most promising, with preliminary successful applications also for the treatment of digestate from anaerobic digestion of pig manure (Wu et al. ) . The integration of other technologies with CWs can achieve enhanced treatment efficiencies, providing a solution where a CW standalone application is not sufficient (Liu et al. ) . Particularly, an anaerobic reactor as pre-treatment for CWs showed great advantages in terms of improved overall removal efficiencies and limitation of clogging risk (Álvarez et al. ; De la Varga et al. ) .
A novel scheme for treatment of swine wastewater is presented and discussed in this paper, combining anaerobic pre-treatment in the form of an upflow anaerobic sludge blanket (UASB) and aerated intensified CWs. The UASB was chosen due to its simplicity, reduced level of mechanization, low sludge production, capability to stabilize sludge within the reactor, no energy consumption, and possibility to produce biogas. Aerated CWs were adopted to minimize the required area and to provide efficient carbon removal and nitrification. The treatment scheme is investigated through a pilot system. The main aim of the pilot is to test the capability of the UASB-CW solution to reduce the required area of the CW treatment stage to more feasible values for the farmers. Moreover, we investigate the suspended solid, carbon and nitrogen load reductions for swine manure, in order to either limit the amount of area required for fertigation or minimise the impacts in the case of discharge of the treated effluent in water bodies. Finally, the results of the monitoring campaign are also compared with the limits for discharge in open water according to Italian law to evaluate the possibility of discharge in water bodies.
METHODS

Pilot plant
The swine wastewater described in this paper is produced by a 1,500 sow piglet production facility situated near Magnacavallo (Mantova, Italy). The farm is a nursery and has a low piglet density with few sows; a higher amount of water is used for cleaning compared to usual pig farms, leading to more diluted concentrations if compared to typical pig manure. All barns were equipped with a fully slatted floor and slurry was at first collected in pits beneath the floor to be subsequently pumped into two storage lagoons. The pilot plant treated an average flow of 1 m 3 per day. The scheme of the pilot plant consisted of ( Figure 1 ): (i) a solid-liquid separation as pre-treatment; (ii) a UASB reactor as primary treatment; (iii) two intensified aerated vertical subsurface flow CWs in series as secondary treatment (aerated-VF-1 and aerated-VF-2, surface area of 30 m 2 and 15 m 2 , respectively); (iv) a horizontal subsurface flow CW as tertiary treatment (HF, surface area of 15 m 2 ). The solidliquid separation was performed by a high efficiency canvas-based thickener. The UASB reactor had a volume of 2 m 3 (2 days of hydraulic retention timeupflow velocity 1 m/d), was constituted by a high density polyethylene tank with a height of 2 m, and worked in series with other stages according to the scheme of Figure 1 without recirculation. The UASB was not subjected to inoculum and the start-up phase was monitored to verify the UASB capability to efficiently remove suspended solids and organic loads. The aerated CW beds had a bed depth of 1.15 m, waterproofed by an EPDM geomembrane, and were maintained continuously saturated with a water table height of 1.05 m. Both aerated-VF-1 and aerated-VF-2 were filled with different gravel layers (from the bottom): (i) 20 cm of drainage layer (gravel with an average diameter of 30 mm; (ii) 15 cm of transition layer (gravel with an average diameter of 10-20 mm); (iii) 80 cm of main layer (gravel with an average diameter of 5-10 mm), in which the majority of removal processes occur. The aerated-VF-1 bed was planted with Typha latifolia, while aerated-VF-2 was planted with Phragmites australis. The two aerated beds were fed on the top surface by two pumping stations. The air flow was released within the aerated CW beds through an air pump (max air flow of 110 m 3 /h) and perforated aeration pipes placed at the bottom of the beds. Intermittent aeration was adopted in different phases (6-12 h per day in total), in order to optimize energy cost and to promote denitrification in the aerated CWs. The treated wastewater was collected at the bottom of the beds using perforated pipes. The depth of the HF bed was 0.8 m, with a constant water table height of 0.7 m. The HF was filled with small gravel (average diameter of 10 mm) in the whole bed except for the inlet and outlet regions, with coarser gravel (average diameter of 80-120 mm) around the feeding and the drainage pipes. The HF was planted with Phragmites australis. The HF was gravity fed with the effluent of the aerated-VF-2 bed.
Sampling campaign
The pilot plant was continuously fed with swine manure from 6 March 2015 to 24 October 2015. During the feeding period, two different monitoring phases were performed. The first phase (called hereafter Phase I) lasted from 6 March 2015 to 30 April 2015; Phase I aimed to investigate the capability of the canvas-based thickener to reduce the solid load sent to the UASB-CW steps. The second phase (called hereinafter Phase II) lasted from 1 August 2015 to 24 October 2015. Phase II aimed to test the capability of the proposed scheme to satisfactorily treat swine wastewater. Phase II data also aimed to evaluate the possible solutions for the management of the treated swine wastewater in fulfillment of the European and Italian regulations, i.e. the reduction of the required area for spreading on land (fertigation) and the discharge in open water.
During Phase I, a physical-chemical characterization of the influent and effluent from the solid-liquid separation step was performed, measuring pH, total solids (TS) and volatile solids (VS). The Phase II sampling campaign was performed after a sufficiently long period (5 months) of stable run of the system, to allow a proper functioning of both UASB and CW stages. During Phase II, 37 wastewater quality grab samples were collected between the different stages and analysed by an Italian certified laboratory following the APHA standards (APHA ). Different pollutant parameters were measured. In order to investigate the transformation of the compounds at each step of the proposed treatment scheme, some parameters were measured at all the stages of the pilot plant, i.e. total suspended solids (TSS), chemical oxygen demand (COD), N-NH þ 4 , total Kjeldahl nitrogen (TKN), N-NO À 3 , total nitrogen (TN), and total phosphorus (TP). Chloride (Cl À ) is a critical pollutant, due to the negligible removal rate of CWs for this compound; therefore, Cl À concentrations were measured both in the influent (to estimate the amount which needed to be managed) and the effluent (to check the fulfillment of the regulations for discharging the effluent). Finally, some potential critical parameters for discharge were measured only at the outlet of the pilot plant, i.e. biochemical oxygen demand (BOD 5 ), pH, sodium adsorption ratio (SAR), electrical conductivity (EC), toxicity, and Zn 2þ .
RESULTS
Phase I
The statistical analysis of the data regarding the physicalchemical characterization of the solid-liquid separation step measured during Phase I is summarized in Table 1 . The pH results are not affected by the solid-liquid separation. The majority of the solids carried by the piggery manure are present in the form of VS, which comprise 72.8% of the TS. The solid-liquid separator results in a reduction of solids in the liquid fraction (swine wastewater) sent to the UASB, with an observed average reduction from 2.4% to 0.6% and from 72.8% to 60.5% from piggery manure to separated liquid fraction for TS and VS, respectively ( Figure 2) . As a consequence, the separated solid fraction shows an increase in solid components compared to piggery manure, on average from 2.4% to 12.8% and from 72.8% to 87.8% from piggery manure to separated solid fraction for TS and VS, respectively ( Figure 2 ).
Phase II
The statistical analysis of the monitored water quality parameters at the different stages of the treatment plant during Phase II are presented in Table 2 . The monitored concentrations in time and at the different stages of TSS, COD, TP, N-NH þ 4 and TN are shown in Figure 3 . The UASB worked with an average organic loading rate of 1.9 ± 1.5 kg COD /d. On average, the swine wastewater influent to the first CW stage (aerated-VF-1) is in line with the characterization of swine wastewater influent to CWs from literature data (Borin et al. ) : COD 137-4,413 mg/l, TKN 31-709 mg/l, N-NH þ 4 6.9-615 mg/l, TP 5.5-250 mg/l. The high values of standard deviation for the influent wastewater are related to the high fluctuations in the number of piglets and sows that were present within the nursery during the sampling campaign; indeed the wastewater composition was a function of the stage of piglets' growth. Furthermore, the sampling procedure was based on grab samples not always collected at the same time of the day. TSS are removed with very high overall efficiency of 99.96%, based on average values ( Table 2 ). The removal efficiency allows the discharge limits, both in water bodies and on soil throughout the monitored period, to be respected, as shown in Figure 3 . The majority of TSS are removed by the solid-liquid separation (average efficiency of 97%), confirming the high TSS load brought by the solid fraction of the piggery manure. Relevant effects on TSS removal from the swine wastewater (liquid fraction from the piggery manure) are also provided by the UASB and the aerated-VF-1 stages (as visible in Figure 3) , with relative mean removal efficiencies of 41% and 97%, respectively. Contrarily, the contribution of the aerated-VF-2 and HF on TSS abatement is negligible, due to high efficiencies of previous stages.
The treatment scheme has shown a high mean removal efficiency of 99.4% for COD (Table 2) , allowing effluent concentrations to reach in the order of magnitude of the threshold for discharge ( Figure 3 ). The efficiency of the different stages for COD removal was similar to what was observed for TSS: (i) very high removal provided by the solid-liquid separation (mean efficiency of 92%), highlighting a high C load in the piggery manure; (ii) further efficient treatment of both UASB and aerated-VF-1 (48% and 85% mean removal efficiencies, respectively); (iii) negligible contribution of the aerated-VF-2 and HF stages, highlighting a recalcitrant fraction of the COD within the swine wastewater.
According to the average statistical values reported in Table 2 , all the stages of the treatment plant combine to remove TP below the threshold values for discharge in water bodies. High mean removal efficiency of solidliquid separation of 92% puts in evidence the high P load contained in the solid fraction of piggery manure. UASB and aerated-VF-1 provide high relative mean removal efficiencies (48% and 71%, respectively). A not negligible TP amount is removed also by the system, with relative removal efficiencies of 54% and 27%, for aerated-VF-2 and HF stages respectively. Although the overall TP removal rate is high on the basis of the mean data (99.6%), the trend in the time series of TP effluent concentrations shown in Figure 3 highlights a release phase in the second part of the monitoring campaign. According to Italian law, the stricter limit for discharge on soil is respected only in the first phase, while the treatment scheme No. of samples 9 9 9 9 9 6 9 9
Data collected during Phase II monitoring campaign, from 1 August 2015 to 24 October 2015. guaranteed only the respect of the limit for discharge in water bodies during the second phase.
N-NH þ 4 was removed with a very high mean removal efficiency of 99.6%. The majority of the nitrification has been achieved in the aerated-VF-1 bed (Figure 3 , Table 2) , with a relative removal efficiency of 99%. Negligible contribution to ammonium treatment has been provided by the solid-liquid and the UASB stages; this is because the N load in the piggery manure solid fraction is predominantly in organic form, as confirmed by the high mean removal efficiency of TKN promoted by the solid-liquid separation (52%). Moreover, some nitrification has been observed also in aerated-VF-2 (93% relative mean efficiency, but with influent N-NH þ 4 load significantly lower than those of aerated-VF-1). HF has shown some ammonium release, but not above the Italian limit for discharge in water bodies. The legal requirements have been fulfilled for the entire monitored period (Figure 3) .
A great amount of the TN load was removed by the solid-liquid separation (52%), i.e. separating the high N loads within the solid fraction of the swine manure. Also the HF CW provided an effective reduction of TN load (Table 2) , with an average relative removal efficiency of 42% compared with the TN effluent from the aerated-VF2 stage. On the other hand, aerated CW stages did not contribute to overall TN removal ( Table 2) .
The UASB-CW pilot system showed a high TN removal of 66% (Table 2) . Despite this high TN removal, the effluent TN concentrations were still significantly above the limit for discharge on soil (Figure 3 ). This is due to the limited denitrification within the CW beds. Indeed, after the nitrification of the aerated-VF-1 bed, limited denitrification has been observed in the following aerated-VF-2 and HF stages, mainly due to the lack of organic carbon remaining after the aerated-VF-1 bed. As a consequence, also the limit to discharge in water bodies for nitrate concentrations was not respected (Table 2) . Chloride concentrations were not significantly different between inlet and outlet of the pilot plant, with an average concentration in accordance with the limit for discharge in water bodies but not on soil (Table 2) .
Copper, zinc, SAR, sulphates, pathogens, toxicity and pH have not shown effluent average concentrations above the respective limits for discharge both in water bodies and on soil (Table 3 ). BOD 5 mean effluent concentrations were below the limit for discharge in water bodies, but higher than the limit to discharge on soil (Table 3) .
DISCUSSION
The solid-liquid separation has been confirmed as a fundamental step for a successful application of CWs for treatment of swine wastewater, reducing the amount of solids and limiting the risk of CW clogging. Moreover, the separated solid fraction represents a valuable by-product of the treatment scheme, since it can be reused either for composting or for biogas production in agricultural biogas units.
The treatment scheme showed a high reduction of organic and nitrogen load from the swine wastewater. On average, the aerated-VF1 was subjected to an organic loading rate of 34 ± 15 g COD /(d·m 2 ), showing an average areal removal rate of 29 g COD /(d·m 2 ). This COD areal removal rate is in accordance with some of the best results obtained for CWs used for swine wastewater treatment; in particular, the average COD areal removal rate of the first aerated-VF stage was higher than what was observed in Wu et al. () for an aerated CW pilot system (3.9-16.2 g COD / (d·m 2 )), similar to the efficiency obtained in Borin et al.
() for a hybrid CW pilot plant (median value equal to 31.4 g COD /(d·m 2 )), and lower than the hybrid CW plant exposed in Zhang et al. () (49 ± 52 g COD /(d·m 2 )). The better performance on areal organic loading rate obtained in Zhang et al. () can be attributed to a higher influent COD concentration (6,644 ± 3,517 mg COD /l) compared to the COD concentration influent to the aerated-VF1 stage of the pilot plant here proposed (1,013 ± 456 mg COD /l). Regarding the nitrogen load, the HF stage was loaded with an average areal nitrogen loading rate of 63 ± 21 g N / (d·m 2 ), and showed a mean TN areal removal rate of 26 g N /(d·m 2 ). The observed TN areal removal rate can be considered as very high if relating to previous, and anyway quite different, experience reported in literature regarding CW for swine wastewater treatment: the hybrid CW proposed by Meers et al. () as tertiary polishing stage for an activated sludge treatment plant removed on average 0.89 g N /(d·m 2 ), with peak values in the range 5-10 g N / (d·m 2 ); median TN areal removal rate for the hybrid CW plant reported by Borin et al. () was 17.5 g N /(d·m 2 ); the hybrid CW treatment plant reported by Zhang et al.
() removed on average 6 ± 4 g N /(d·m 2 ). The higher efficiency in TN areal removal rates can be due to the highly efficient nitrification step provided by the aerated-VF1 stage. Thanks to the observed TN removal efficiency of 66%, the proposed UASB-CW treatment scheme could allow the amount of land required for spreading the swine wastewater to be reduced by more than a half in accordance with the European Nitrate directive, with a significant reduction of operational and maintenance costs. A further reduction in operational and maintenance costs for swine wastewater management could be achieved, guaranteeing to respect the limits for fertigation, which vary in each country. In this work, the capability of the proposed UASB-CW treatment scheme to respect the limits for discharge in water bodies according with Italian law is investigated in order to identify the required improvements for reaching this goal. The results of the monitoring campaign highlighted possible issues related to the respect of the limits for total nitrogen, nitrates, phosphorus and chlorides.
TN and nitrates did not fulfil the norm due to insufficient denitrification, which was mainly caused by a carbon deficit in the process. Denitrification usually occurs in absence of oxygen, with organisms able to oxidize organic matter using nitrates as alternative electron acceptors (Reddy & De Laune ) . As reported by Kadlec & Wallace () , the denitrification reaction in wetlands is different from the reaction involved in a conventional wastewater treatment plant (WWTP), due to different carbon sources involved. The carbon source available for denitrification in a conventional WWTP can be assimilated to methanol or glucose, while the carbon sources present in wetlands can have a different C:N:P ratio of, for instance, 106:16:1.
Therefore, different available carbon sources allow different denitrification reactions with variable C:N ratio:
The carbon required for denitrification using methanol is 0.7 g C /g N , while both the glucose and the wetland carbon sources require 1.1 g C /g N . These estimations are underestimated, since they are simply based on stoichiometric aspects, neglecting the added carbon source needed to sustain bacteria cell synthesis (e.g. 0.57 g of methanol per 1 g of nitrate -Kadlec & Wallace ). Indeed, the actual C:N ratio needed in wetland for denitrification is usually higher, with a 5:1 ratio suggested by Baker () to avoid denitrification limitation due to carbon deficit. According to the mean values of Table 2 , the ammonium load generated after the aerated-VF-1 stage would need a carbon load between 541 g C /d (stoichiometry of the most C-efficient reaction, i.e. with C as methanol) and 3,788 g C /d (5:1 C:N ratio for wetlands), assuming an average total organic carbon to COD ratio of 0.5 (Kadlec & Wallace ) . Figure 4 reports the C:N ratio of the piggery manure and the swine wastewater, before and after the solid-liquid separation, and at the different stages of the UASB-CW proposed system. From Figure 4 it is clearly visible that the denitrification in aerated-VF-2 and HF beds was inhibited by C deficit, with C:N ratio less than 1 in the effluent from the aerated-VF-1. However, the swine wastewater is deficient in the needed carbon also before the aerated-VF-2 and HF stages. Indeed, the swine wastewater influent to the UASB has a C load of 894 g C /d, near the minimum range of the needed C load based on stoichiometry values, but far from the minimum value for wetlands suggested by the 5:1 C:N ratio. The further removals of C in the UASB and in the aerated-VF-1 stages have even worsened the possibility to promote denitrification in the final stages, leading to a 467 gC/d and 70 gC/d effluent from the UASB and aerated-VF-1, respectively. In order to respect the limit for discharge of TN and nitrate, some additional solutions need to be implemented for boosting denitrification.
1. Oxygen input in the aerated CW stages should be optimized. Indeed, a reduction of the inflated oxygen could reduce the COD aerobic degradation, leaving more carbon for denitrification in subsequent steps. This could also reduce the operational costs related to aeration. 2. The treatment plant can be equipped with a carbon dosing device; successful applications of C dosing to improve the nitrogen removal in subsurface CWs have been reviewed by Saeed & Sun () , for different types of wastewater (domestic, leachate, urban) , and sources of C (methanol, acetic acid, glucose, wood mulch, rice husk). 3. The UASB pre-treatment can be substituted with a hydrolytic upflow sludge bed (HUSB). HUSB is a technology similar to UASB, in which the lower residence times drive only the hydrolysis of organic loads, avoiding the methanogenesis (Álvarez et al. ) . Coupling HUSB with CWs, the organic carbon entering the CW is more readily degradable, increasing the efficiency of the overall system as reported in Pascual et al. () . In other words, HUSB does not reduce the organic load but simply changes the C fraction composition. HUSB instead of UASB can be a useful solution if applied as pre-treatment of swine wastewater, increasing the efficiency of COD removal of the aerated CW and not losing C for denitrification as methane, and reducing by this way greenhouse gas production. On the other hand, the use of HUSB instead of UASB does not allow production (and recovery) of biogas from swine wastewater treatment. 4. Recirculation of the wastewater can be adopted. In this way, the effluent rich in nitrate and poor in carbon is mixed in the first stage with an incoming new swine wastewater rich in carbon, promoting denitrification (Saeed & Sun ) and reducing the carbon load to aerated CWs (i.e. reducing the operational cost linked to the inflated air). 5. Despite the partially negative results of the proposed pilot plant, limited by an insufficient removal of the TN, intermittent aeration is suggested, prolonging the duration of the aerated and passive cycles; indeed, effective denitrification is expected within the aerated CW bed once the C deficit is avoided, in accordance with the results obtained by the pilot plant studied in Boog et al. () . However, Wu et al. () reported opposite trends regarding the nitrogen removal from swine wastewater in aerated CWs, with intermittent aeration favouring ammonium removal, but accumulating nitrates and limiting TN removal. Therefore, the role of intermittent aeration for denitrification boosting in treatment of swine wastewater with aerated CWs still needs to be investigated in detail. 6. A primary treatment with stripping (e.g., Liao et al. ) or struvite crystallization (e.g. Liu et al. ) processes can be applied; in this way, the nitrogen load influent to the UASB-CW system would be lowered, reducing the need for C dosing for denitrification and recovering the nitrogen within the swine wastewater as marketable fertilizer. Nowadays the application of these technologies in Italy is complicated due to the low market value of the produced fertilizers (ammonium sulphate in liquid form in the stripping option; magnesium ammonium phosphate in the struvite precipitation, still not recognized as marketable product) and the high cost of reagents (especially in the case of struvite, where high quantities of phosphoric acid would be required). The limit for discharge for phosphorus, recalcitrant COD and chloride could be respected by adopting additional tertiary treatment stages. Classical phosphorus removal processes can be adopted, e.g. chemical precipitation, or biological treatment (Metcalf & Eddy ) . Alternatively, a bed filled with zeolites as post-treatment can be used to remove phosphorus, as confirmed by the positive results obtained by Peng et al. () on TP removal from swine wastewater influent to a CW filled with zeolites. A reverse-osmosis tertiary treatment is suggested for chloride removal (Fritzman et al. ) and recalcitrant COD in the case of soil discharge. However, reverse-osmosis is a very expensive technology, particularly in terms of operational and maintenance costs. Therefore, caution is required before adopting this solution, with a detailed study of the discharge limits (e.g. the effluent chloride concentrations of the pilot study here discussed are in accordance with the Italian limit for discharge in water bodies but not on soil) and the study of the pig diet (trying to limit as much as possible the salt content according to the limit for discharge). Recently, some low cost filters based on clay have been suggested to be quite effective in chloride removal by Chairawiwut et al. () , but this research field is still at an early stage and needs to be investigated in detail to be adopted for real applications.
CONCLUSIONS
The research conducted into this innovative pilot installation for processing pre-treated swine wastewater by a combination of a UASB reactor and aerated VF CWs has shown that this combination is providing very high removal rates for solids and organic matter, whereas it is not having a high enough efficiency for completing the denitrification process, mainly due to a lack of biodegradable carbon in the last stage devoted to this specific process (a gravelbased HF CW). This specific combination, UASB þ aerated VF CWs þ HF CW, can already provide evident advantages by reducing over 60% of the nitrogen content in the effluent, which results in a consequent reduction in the needed area for fertigation practice in comparison to a direct spreading of the manure without any kind of treatment. In the following phases of research the UASB could be substituted by an HUSB in a way to generate hydrolysed carbon compounds in this stage and to produce less biogas and a lower C removal, with a view to increasing the organic compounds concentration at the final denitrification stage (HF CW). For verifying the possibility to obtain as treatment target the fulfilment of the requirements for discharge in water bodies, our future investigations will be focused on boosting the denitrification process by dosing easily biodegradable organic compounds. Another approach, more sustainable and an integral component in a scheme of 'circular economy' application, can be based on the recovery of the nutrients, N, P and C, from the manure and their reuse as fertilizers and soil conditioners. The reduction of N and P by struvite (MgNH 4 PO 4 .6H 2 O) precipitation in the effluents of an anaerobic treatment (UASB or HUSB), as well as stripping technology and ammonium sulphate production, could reduce in the future the issue related to the extremely high nitrates concentrations obtained otherwise, and also reduce the energy consumption for providing oxygen to the nitrification step.
